The new mesophilic species Pseudonocrrrdia compacta was isolated from soil. P . compacta resembles the type species of the genus Psc.rrdonoc.crrdici in exhibiting acropetal budding of the hyphae, in having a two-layered hyphal wall, in cell wall composition (chemotype IV), in phospholipids (type III), in the lack of mycolic acid, and in the occurrence of yellow pigments (carotenoids). P. compcrcta is characterized by densely aggregated substrate and aerial hyphae that frequently bear apical and intercalary swellings, by thick-walled spores, by white aerial mycelium and by being mesophilic. The type strain is strain MB H-146 ( = DSM 43592 = CBS 160.82).
Two strains of a mesophilic actinomycete isolated from soil proved to be a new species of the genus Psrudonocardia. The new species, named Pseudonocardia compcicter. differs in some features of hyphal growth and spore formation from the type specie5 P.seirdonoc.ardici thermophila Henssen and from Pseudonocardin spinosa Schafer, the only two species included on the Approved Lists of Bacterial Names (23) . Three other organisms have been assigned to the genus Pseudonocardin, "Pseirdonoccirdici jhstidiosu" (W. D. Celmer et al., U.S. patent 4,031,206, June, 1977) , "Pseiidonoc.eircl'i~~ thermospinosa" (15) , and "Pseirdonoc.ardia crzurea" (17) . Preliminary studies of the type strains of "P. azurea" and "P. f&stidiosii" performed by us (unpublished data) revealed that these two organisms deviate in hyphal growth and fine structure and should not be included in the genus Pseirdonocmdia.
The genus Pseudonocardirr is characterized by acropetal budding of substrate and aerial mycelia, leading to segmented hyphae ( 6 4 , as well as by a two-layered wall and interspace septa (9). In P . therinophila the segments may function directly as spores, or they may be divided secondarily by intercalary septa (9). Henssen and Schafer claimed that P. spinosa has no cross walls (7), but recent studies of ultrathin sections have revealed septa in substrate and aerial hyphae (unpublished data). 
MATERIALS AND METHODS

Bacterial
1980
. For isolation the simplified method described for the isolation of strains of Streptosporcrn~iirtn (2) was used.
Media. The following media were used: Casamino Acids-peptone Czapek agar (CPC agar) (7). Czapek agar (261, yeast extract-starch agar ( E agar) (2). EGH agar (soil extract 250 ml; yeast extract. 0.5 g; glucose, 0.5 g; agar, 15 g; tap water 750 ml), yeast extract-malt extract agar (ISP no. 2 medium) (221, artificial soil extract-yeast extract agar (71, and peptone-beef extract agar (26) .
Morphological studies. Budding and sporulation of hyphae were examined in hanging-drop cultures with a Leitz Ortholux microscope. For scanning electron microscopy with a Leitz model AMK 1200B instrument, sporulating colonies on E agar were fixed with osmium tetroxide vapor overnight (14). Small pieces were cut out from the plate and dried in a deep frozen condition in a closed plastic box with phosphorus pentoxide ( H . A. v. Stosch, personal communication). The samples were attached to stubs and coated with a thin layer of gold by using a sputter coater (Balzers AIU, Balzers, Liechtenstein). Silhouettes of spores and hyphae were studied with a transmission electron microscope, using untreated impressions of aerial mycelium. For ultrathin sections small blocks were cut out from 4-to 15-day-old cultures on E or CPC agar. These blocks were fixed with formaldehyde-glutaraldehyde (10) and postfixed overnight with 1% osmium tetroxide in sodium cacodylate buffer (0.05 mollliter; pH 7.0). The blocks were dehydrated in ethanol and embedded in epoxy resin (24) . Thin sections were cut with a Reichert Ultracut 42 instrument and poststained with uranyl acetate (27) and lead citrate (19) . Preparations were examined with a Siemens Elmiskop IA instrument.
Cell wall analysis. For chemical analysis of cell walls, substrate mycelium was harvested from submerged cultures incubated in 200-ml Erlenmeyer flasks in CPC liquid medium at room temperature on a rotary shaker. Sporulating aerial mycelium was scraped off CPC agar plates.
Wall constituents were analyzed by the methods of Kroppenstedt (1 1) and Richter (20) . Thin-layer chromatographic separation of sugars on cellulose layers was improved by using a new solvent system contain- ing 25 ml of boric acid (0.5 moliliter), 35 ml ofpyridine. and 100 ml of ethyl acetate, with three successive runs in the same direction. Pigment production. Pigments of whole-organism extracts in methanol or chloroform were purified by thin-layer chromatography, using the following solvent system: petroleum ether (bp, 60 to 80"C)-diethyl ether (85:15, volhol) (1). Eluates of the pigments in hexane (18) were analyzed spectrophotometically. Visible light spectra were recorded with a Zeiss model DMR 10 instrument.
Detection of phospholipids. Total lipids were extracted from simultaneously harvested and thoroughly washed mycelium by suspending mechanically homogenized lots of approximately 50 mg-equivalents (wet weight) in an extraction solution containing methanol and chloroform (2:l. vol/vol). The extraction vials were sealed with Parafilm and shaken in a water bath shaker at 30°C for 24 h. After the cellular debris was removed by centrifugation at 10,000 rpm, the solution was reduced under a vacuum to a final volume of 250 Thin-layer chromatography was performed by the method of Vitiello and Zanetta ( 2 5 ) , with the following alteration: HPTLC-precoated chromoplates (E. Merck AG, Darmstadt, Germany) were run once before samd.
ple application in methanol-chloroform (1:1, vol/vol) and dried for 30 min. The solvent system (25) was changed; we used ethyl acetate instead of methyl acetate and a slightly different amount of ethanol (25 mi of ethyl acetate, 25 ml of n-propanol, 25 ml of chloroform, 12 ml of methanol, 9 ml of 0.25% aqueous potassium chloride).
Phospholipids were visualized by spraying the plates with molybdenum blue reagent (Sigma, Munich, Germany). Standard phospholipids were obtained from Sigma. This method has the advantage of saving time and material in the purification of total lipid extracts; furthermore, it is highly reproducible.
Whole-cell methanolysis for the detection of mycolic acid was performed by the method of Minnikin et al. (16) . Dry bacteria (approximately 50 mg) were mixed with a solution containing 5 ml of 100% methanol, 5 ml of redistilled toluene, and 0.2 ml of concentrated sulfuric acid in a tube with a polytetraluoroethylene-lined screw cap. The contents were thoroughly mixed, and methanolysis was allowed to proceed for 15 h at 75°C. When the mixture cooled to room temperature, it was extracted with n-hexane. and the hexane extract was spotted onto thin-layer chromatographic plates: (Silica Gel 60F254 diethyl ether (85:15, volivol) . and the spots were visualized by spraying the plates with 5% ethanolic molybdophosphoric acid and charring at 110°C.
Additional methods. Carbon utilization and cellulose degradation were determined by using Czapek solution containing 2.64 g of (NH412S04 per 1,000 ml as the basal medium; to this basal medium different types of sugars (sterilized by propylene oxide) or cellulose was added to a final concentration of 1%. Starch hydrolysis was tested with iodine on E agar (4). Temperature tolerance was determined on E agar and CPC agar. Tests for liquefaction of gelatin were carried out on 12% gelatin. Nitrate reduction medium containing 1% agar was used according to Waksman (26) .
RESULTS AND DISCUSSION
Morphological characteristics. Strains M B H-146T and MB H-147 form lumpy colonies on media which support production of aerial mycelium (Fig. 1) . These colonies are composed of densely aggregated aerial hyphae, which frequently bear apical and intercalary swellings (Fig. 2 through 5) . The straight or occasionally helically twisted hyphae are more or less regularly segmented (Fig. 6 ). Substrate and aerial hyphae elongate by acropetal budding, and side branches arise from lateral buds (Fig. 2 through  5) . The segments may function directly as spores, or they may be divided secondarily by intercalary septation during the process of sporulation ( Fig. 7B and C) . In addition, spores are formed basipetally in portions of unsegmented hyphae (Fig. 5) .
The hyphal wall is composed of two layers, an inner evenly thick layer and an outer more electron-dense irregularly shaped layer to which the fibrous sheath is closely attached in aerial hyphae (Fig. 7A through D and 8A through C) . The septa are interspace septa ( 9 ) , and the cross walls are type 2 of Williams et a]. (28) . The cross walls are formed by the inward growth of a double annulus with separate tips (Fig. 7B) or united tips (Fig. 7C ). Each double cross wall starts with a triangular thickening from the inner wall, which remains visible in mature spores ( Fig. 7B and C, arrows) . The spores separate by autolysis (Fig. 7A, C, and D) . Lateral budding starts below a septum. When a bud enlarges, the inner hyphal wall becomes gradually thinner toward the tip, and wall material is deposited at the base of the bud (Fig. 8A) . The formation of an apical bud is also accompanied by a basal increase in the inner wall layer (Fig. 8B) . Later, the septum is formed not at this point but further below at a distance (Fig. 8C) : the same has been observed when intercalary swellings are separated by septa.
In general, the growth morphology and ultrastructure of P. compcrcta correspond well with the morphology and ultrastructure of P . thermophila, the type species of the genus. This holds for the acropetal budding that gives rise to segmented hyphae, as well as for the basipetal formation of spores (designated sporulation type 2 in P . thermophilm) (6). The zigzag growth characteristic of other species of Pseudonocardicr ( 5 , 7, 8) is less distinct in P . compac'tci; helically twisted hyphae have been observed so far only in P. compacta. The short aerial hyphae with frequent branching, as well as the apical and intercalary swellings, are characteristic features of the new species. Irregular swellings in the substrate mycelium have been observed in P . spinosci (7).
The ultrastructure of hyphae and the process of sporulation have been studied in P . thermophila (9). In this species the layers of the hyphal wall are much thinner and usually separated by a less electron-dense zone: the spores also remain thin walled. Details of the budding process documented in ultrathin sections are first presented in this paper. The formation of septa not adjacent to but at a distance from apical and intercalary swellings seems to be a characteristic of P. compucta.
Chemical composition of cell wall. A chemical analysis of sporulating aerial mycelium and submerged growing substrate mycelium proved the presence of m-diaminopimelic acid, arabinose, and galactose, the constituents of chemotype IV (121, corresponding to P. thermophila and P. spinosa (7). We found no differences when we analyzed whole-organism hydrolysates and enriched cell wall fractions.
Diagnostic phospholipids. The phospholipids identified in P. compacta were phosphatidylinositol, phosphatidylcholine, and phosphatidylglycerol. Two additional spots were tentatively id en tified as p hos p hat id y le t hanol ami ne (trace s ) and disphosphatidylglycerol (traces in strain MB H-146T, absent in strain MB H-147); this pattern corresponds to type 111, which has been reported to be characteristic for the genus Pseudonocavdia (13).
Mycolic acid. Using the method of Minnikin et al. (16) , we found no mycolic acid in either strain of P. compacta, corresponding to results obtained for P . thermophilu (3). Pigment. As in P. thermophilu and P. spinosa (7), a yellow fat-soluble pigment is produced in the mycelium, which is stored inside the cells and accumulates during aging. The absorption spectrum produced by P . compacta type strain MB H-146 had shoulders at 424.5 and 472.5 nm and a maximum at 446.5 nm, a spectrum characteristic for carotenoids. The pigment of strain MB H-147 was characterized by an absorption spectrum with two shoulders at 423 and 473 nm and a maximum at 446.5 nm, almost exactly the same as the spectrum for strain MB H-146T. Smaller deviations between the two spectra, as well as insignificant differences from the spectra of P. thermophila and P. spinosa (7) , are most likely due to the degree of purification.
Cultural and physiological properties. The optimum temperature for growth is between 20 and 30°C; at 10 and 15°C growth is retarded, and no growth occurs at 35°C. On media suitable for growth the substrate mycelium penetrates deeply into the agar and has a yellow to brown color; On CPC agar: growth good, substrate mycelium well developed and yellow, and sporulating aerial mycelium abundant.
On Czapek agar: growth moderate, substrate mycelium light brown, and aerial mycelium lacking.
On E agar: growth good, substrate mycelium ochre, and aerial mycelium scarcely developed.
On EGH agar: growth good, substrate mycelium brown, and sporulating aerial mycelium abundant.
On ISP no. 2 medium: growth moderate, substrate mycelium ochre, and aerial mycelium lacking.
On artificial soil extract-yeast extract agar: growth moderate to good, substrate mycelium almost lacking, and aerial mycelium abundant.
On peptone-beef extract agar: growth moderate, substrate mycelium yellow, and aerial mycelium almost lacking.
Pseirdonocardia cornpacta sp. nov. (L. adj. fem. cwnpacta compact, referring to the growth form of the colonies). Gram-positive. Substrate mycelium yellow to brown, forming a compact mass of septate hyphae 0.6 to 2.4 km thick. Aerial mycelium white, composed of densely aggregated hyphae. Apical and intercalary swellings abundant in substrate and aerial mycelia. Spores smooth, up to 3 km long; swellings up to 2.5 pm wide. Elongation of hyphae by acropetal budding; formation of branches by lateral budding. Hyphal wall composed of two layers; interspace septa formed, Cell wall chemotype IV, phospholipids type 111, no mycolic acid. The type strain is strain MB H-346 (= DSM 43592 = CBS 160.82).
P . cornpacta differs from P . spinosa in having smooth spores and from P . thermophila in being mesophilic and having richly branched hyphae with apical and intercalary swellings.
